It is well known that the productivity and the susceptibility to the tapping panel dryness (TPD) of Hevea brasiliensis are determined by the intrinsic feature of each clone but also by the tapping system. Thus, in order to establish the tapping system that minimizes the TDP occurrence an experiment was carried out in Côte d'Ivoire with four high yielding clones including, PB 235, PB 255, IRCA 18 and IRCA 111. Five tapping systems (d2 6d/7 0/y, d3 6d/7 4/y, d4 6d/7 6/y, d5 6d/7 8/y, d6 6d/7 10/y) were applied to these clones, corresponding to a range of 100 % to 30 % of tapping intensities. The results show that the occurrence of TPD is closely related to the tapping intensity and the tapping system which consists in tapping twice per week with one day rest (S/2 d3 6d/7 4/y), was found to be the best tapping system. A quadratic relation was found between the rate of the TPD and the tapping intensity. Thus the clones IRCA 18 and IRCA 111, like PB 235 and PB 255, belong to the active metabolism clones. These clones also showed their adherence to the group of high rubber producer clones. This experiment also gave further evidence that the production of a tree for the tapping strongly depends on the intensity of tapping. It has also indicated that the intensity of tapping governed the tapping panel dryness rate among the clones having active metabolism, such as IRCA 18, IRCA 111, PB 235 and PB 255.
INTRODUCTION
In Africa and particularly in Cote d'Ivoire, the exploitation or tapping system varies from one clone of rubber tree to another. The main factors that influence an exploitation system include the tapping and the hormonal stimulation. The tapping fluctuates from low (d6 6d/7) to high frequency (d3 6d/7) regardless to the metabolic activity, while the hormonal stimulation differs according to metabolic activity. A high hormonal stimulation is needed for the low metabolic activity clones (PB 217, IRCA 41, PR 107 ) and the contrary is required with the high one, like PB 260, PB 235, IRCA 18 (Jacob et al., 1988) . For the medium metabolic activity clone such as GT 1, a moderate hormonal stimulation is more suitable. The intensification of the exploitation could also consist in applying a high frequency of tapping, particularly the d2 6d/7. This type of exploitation is less or not practiced in Africa, but currently used in Southeast Asia. In fact, the intensification is increasingly proportional to the rubber production. However, clones with accelerated metabolism could barely bear a strong hormonal stimulation, without a strong negative effect on its physiological future status, which might be affected by TPD (Dian, 1993; Obouayeba and Boa, 1993; Jacob et al., 1994; Dian et al., 1995) . The tapping panel dryness (TPD) is one of the most destructive syndrome affecting rubber plantations and is becoming a matter of serious concern. The obvious symptom is the reduction of latex yield leading to total drying of the tapping panel (Jacob et al., 1984; Sethuraj, 1988; Krishnakumar et al., 2003; Jacob and Krishnakumar, 2005; Vijayakumar et al., 2006; Obouayeba et al., 2009) . Most of the time, clones that are susceptible to the TPD have a high potential of production, but the weak reserves in sucrose within the latex predispose them to an important risk of physiological unbalance, under stimulation (Anonymous 1, 1993) . Some of these clones include, PB 235 and PB 255, recognized as sensitive to tapping panel dryness in Asia (Anonymous 1, 1993) . The clones IRCA 111, IRCA 18 developed in Côte d'Ivoire with PB 235 and PB 255 originating from Southeast Asia, are known as high rubber-producing clones (Anonymous 1, 1993) which could increase the rubber production and improve the farmer revenues. Therefore, for these clones, there is a need to find the exploitation system that maintains a stable production over the years. In other words, to develop the exploitation system for each clone that could prevent the TPD. As mentioned beforehand, the exploitation system (tapping system), which includes the tapping frequency and the hormonal stimulation, could in some cases lead to the TDP. Thus the present study report the outcome of a survey conducted over a decade, in the southwest of Côte d'Ivoire, on four clones (IRCA 111, IRCA 18, PB 235 and PB 255) , in order to assess the relationship between tapping intensity and tapping panel dryness susceptibility and determine the best tapping system for these clones.
MATERIAL AND METHODS Plant material:
The material consists of five clones including IRCA 111, IRCA 18, developed in Côte d'Ivoire, and PB 235, PB 255 introduced from Southeast Asia. They are a fast growing and vigorous clones, which could be opened at the 4 th ½ or 5 th ½ of its growth (Anonymous 1, 1993) . Their growth during tapping is good. These clones present the features of clones having fast metabolism with good arrangements of rubber production. The trees used in the experimentation are those with comparable girth of around 49.5 cm in average with a CV of 0.6%. Its yield potential is high indeed, but the low sucrose reserves within latex predispose it to high risks of physiological imbalance in the event of overstimulation (Jacob et al., 1994) . The trees (20-month grafted stumps) of clones (IRCA 18, IRCA 111, PB 235 and PB 255) was planted in June 1988 in laid out in straight lines, with a density of 500 trees per ha (7 m x 2.8 m). RCB (Randomised Complete Bloc) of 6 treatments and 4 repetitions was used as experimental design with around 100 trees per plot. Treatments: The trees were opened at height of 1.20 m (panel BO-1). The tapping systems imposed and intensity of tapping are show in table 1. Stimulation: The trees were stimulated on panel and tapping cut with 1 g per tree of homogenized paste, which corresponds to 2.5% of Ethephon. The product used is ELS 50 Double Red diluted by 2 (1 weight of ELS 50 + 1 weight of water). Measurements Yield : The yield was estimated by weighing the fresh coagulated rubber of each experimental unit every 4 weeks (28 days). For each treatment samples of 2 kg fresh coagulated rubber were used to calculate the transformation coefficient, which is used to determine the weight of dry rubber in gram per tree (g.t -1 ), the weight in gram per tree per tapping (g.t -1 .t -1 ) and the yield in kilogram per hectare (kg.ha -1 ). Moreover other parameters were determined annually: Girth increment : Girth measured at 1.70 m from the ground Tapping panel dryness: Tapping panel dryness, in order to get the rate of dry tapping cut length (LDC) and dry trees (DT) Latex analysis: Sample of latex was used for biochemical parameters analysis including dry rubber content (DRC), sucrose (Suc), inorganic phosphorus (Pi) and thiol groups (RSH) contents. This analysis is carried out by the method of "latex micro diagnosis (Jacob et al., 1988) " (MDL). The dry rubber content is determined from 1 ml of latex taken in each sample (treatment), which is weighted before and after setting with the drying oven during 24 h. The difference in weight expressed as a percentage indicates the dry rubber content (DRC). Inorganic phosphorus (Pi), sucrose (Suc) and thiol groups (RSH) were measured from the trichloracetic acid (TCA) serum obtained by mixing 1 ml of latex and 9 ml of TCA 2.5%. Then the coagulated rubber is taken and separated from mixture by using a rod. Then, the coagulated rubber was squeeze out and separated from TCA 2.5%. Thus, sucrose content is measured out, in mmole per litre of latex (mM) by using the method of Ashwell (1957) based on anthrone. Statistical analysis: An analysis of variance of the data including the rubber yield, vegetative radial growth, latex micro diagnosis, tapping panel dryness was done with SAS statistical software (SAS, 1998) and the StudentNewman-Keuls test, at P<0.05. Half spiral cut tapped downward at alternate daily frequency, six days in tapping followed by one day rest; not stimulated. 100 2 S/2 d3 6d/7 ET 2.5% Pa 1(1) 4/y(m)
Half spiral cut tapped downward at third daily frequency, six days in tapping followed by one day rest; stimulated with Ethephon of 2.5% active ingredient with 1 g of stimulant applied on panel on 1 cm band, 4 applications per year. 67 3 S/2 d4 6d/7 ET 2.5% Pa 1(1) 4/y(m)
Half spiral cut tapped downward at fourth daily frequency, six days in tapping followed by one day rest; stimulated with Ethéphon of 2.5% active ingredient with 1 g of stimulant applied on panel on 1 cm band, 4 applications per year. 50 4 S/2 d4 6d/7 ET 2.5% Pa 1(1) 8/y(m)
Half spiral cut tapped downward at fourth daily frequency, six days in tapping followed by one day rest; stimulated with Ethéphon of 2.5% active ingredient with 1 g of stimulant applied on panel on 1 cm band, 8 applications per year. 50 5 S/2 d5 6d/7 ET 2.5% Pa 1 (1) 8/y(m)
Half spiral cut tapped downward at fifth daily frequency, six days in tapping followed by one day rest; stimulated with Ethéphon of 2.5% active ingredient with 1 g of stimulant applied on panel on 1 cm band, 8 applications per year. 40 6 S/2 d6 6d/7 ET 2.5% Pa 1(1) 10/y(m) Half spiral cut tapped downward at sixth daily frequency, six days in tapping one day rest ; stimulated with Ethéphon of 2.5% followed by active ingredient with 1 g of stimulant applied on panel on 1 cm band, 10 applications per year. 33 RTI : Relative tapping intensity (Lukman, 1983; Vijayakumar, 2008; Vijayakumar et al., 2009) .
Two tappers were used with repetitions A and B assigned to tapper A, and repetitions C and D to tapper B. Standards consumption of bark (perpendicular to the tapping cut) were: ) of s 2, 3, 4 are statistically comparable (Table  except for the clone IRCA 18 s tapping intensity : The mean production on 9 in kg.ha -1 (yield), of treatment 2 is comparable atments 1 and 3, but higher than that of s 4 and 5 (clone IRCA 18; Table 2 ). In the clone PB 255, the production of the s statistically superior to all the other s. The values of treatments 2, 3 and 4 are e and significantly superior to the average uction of the last treatment (5). For the clone PB nts have comparable average uctions but superior to that of all the other s. However, treatment 2 has an average uction comparable to those of treatments 3 and 4 rior to the production of treatment 5. This last has a production statistically lower to that other treatments. Concerning the clone 11, treatments 1, 2, 3 and 4 have comparable uctions; the same observation was made for tments 1, 3, 4 and 5. ial bole growth: The tapping bole radial growth, s taken together, reached 2.77 cm.year . The annual average se of treatment 1 (control or non-stimulated) is erior to treatments 2, 3 and 4 (IRCA 18); (PB 255) treatments 3, 4 and 5 (PB 235) s 3 and 4 (IRCA 111). All clones sidered, the annual average increase of treatment ontrol) is superior to that of the other treatments. ents 2 and 4 have the same increase order. same is noticed for treatments 3 and 5 siological parameters of the latex rubber content : The average rate of dry rubber nt for all treatments taken together varies from beginning of the experiment, to 54 % at d. Generally, the dry rubber content rate has nt increase during the experiment. Except ne PB 235 where the first 4 presented high es than that of the last treatment (treatment 5), treatment 6 gave higher rate that of all treatments (Table 4) . Sucrose: The latex content in sucrose in t beginning of the trial is 3.9 mM and reaches 6.96 mM at the end, regardless to the clone and the treatment (Table 5 ). This content in sucrose is characteristic of the active metabolism clones. The latex content in sucrose strongly increases during the experiment well. Phosphorus inorganic : The inorganic phosphor (Pi) average content, all treatments and clon considered varied form 19.1 mM in the beginning experiment to 21.2 mM at the end. Just a slight increase was seen over the time, which i characteristic of the active metabolism clones. Thus the inorganic phosphorus (Pi) average content of all treatments was not a limiting factor of the producti (Table 6) . Thiols : A decrease was seen for the latex content thiols which goes from 0.64 mM to reach 0.53 at th end mM, all treatments and clones considered (Table  7) . This decrease in thiols content is characteristic of the active metabolism clones; however the latex thiols content of all the treatments is of a good level and significantly lower rate was seen with treatmen (control).
Tapping panel dryness:
The highest rate of d trees was found with the control, the non-stimulate treatment while the lowest was observed w treatments 4 and 5 (Figure 1) . Relationship between the production (g.t ), all tapping frequency considered, for the time of downward tapping (first 9 years) is good. Indeed, except the control (S/2 d2 6d/7 without stimulation) which production only represents 73 % of the average in Côte d'Ivoire (46.3 g on 3 years of tapping (Anonymous 1, 1993) ) the production of all other treatments is superior to this value of reference. The production g.t -1
.t -1 is inversely proportional to the number of days-off between 2 consecutives tapping. It indicates that the delay between 2 consecutive tapping of the low frequencies of tapping is sufficient to permit a good regeneration of the cellular content exported. However, the frequency of tapping d3 6d/7 appears to be the best to valorize the potentialities of production of the tree and the area tapped of clone IRCA 111. The average production expressed in gram per tree (g.t ). These relations between the frequency of tapping (notably the intensity of tapping) and the production expressed in g.t , g.t -1 and kg.ha -1 have already been established by Obouayeba and Boa (1993) ; Obouayeba et al., (1996) . The tapping systems applied to the clone IRCA 111, IRCA 18, PB 235 and PB 255 were on the whole a little different from some of the others. Indeed, except weekly tapping stimulated 10 times per year (treatment 5) the rubber productions for other treatments were comparable. Thus treatment 5 appears to be less adapted to the clones which fast metabolic activity requires tapping systems with strong intensity. This is confirmed by the fact that the results on the production, tapping radial bole growth, panel dryness and sensitivity to tapping, reveal that the clones IRCA 111, IRCA 18, PB 235 and PB 255 express their potentialities better with the strong tapping intensity.
The control, 3 weekly tapping without stimulation, cannot be kept among the best tapping systems because of the strong consumption of peel that it generates; 15 to 20 cm.year -1 against 9 to 10.5 cm for the treatment d6 6d/7. It didn't permit to follow the active tapping panel conduct diagram, from the 7 th year of tapping. In the same way, this treatment presents a strong sensitivity to tapping panel dryness, which constitutes a heavy handicap for its promotion. The productions of rubber by tree (g.t ) indicate that the strong frequencies of tapping have proved to be more efficient on the clones used in this study than those of low tapping frequencies. To appreciate the capacity in the plantation of IRCA 111, IRCA 18, PB 235 and PB 255, the number of tapping per year appears to be more suitable than the delay separating two consecutive tapping, which is in agreement with Obouayeba and Boa (1993) while studying the clone PB 235. In contrast, in the case of the work productivity (the one of tapper) and of the one of the tree, it is rather the number of days between two consecutive tapping that is the essential parameter. Thus the results could be used in two ways: -for an optimal exploitation of the potentialities of the clones IRCA 111, IRCA 18, PB 235 and PB 255 the tapping system 2, two weekly tapping with 4 yearly stimulations, is the best of the treatments used.
-to face a shortage and/or dearness of tappers, the last treatment (tapping system 5) weekly tapping stimulated 10 times per year, is the most suitable tapping system. Otherwise we put in evidence two types of relation from the intensity of tapping (IT). The production by tree and by tapping (g.t .t -1 is especially weak than the intensity of tapping is strong and vice-versa. It is important and corroborates the results of previous studies (Jacob et al., 1988a, b; Obouayeba and Boa, 1993; Obouayeba et al., 1996) that indicate the importance of the regeneration time between two consecutive tapping. The active clones express their potentiality of production better according to tapping intensity but the very strong intensities (d2) are a handicap to the expression of their value. Since the period of 2 days that separates two consecutive tapping is obviously long and doesn't allow the laticiferous to insure a sufficient synthesis of the isoprenic. When the time of regeneration is long the laticiferous achieve a good isoprenic biosynthesis (rubber) and this production can last for a long time since the laticiferous is in good conditions for its development. On the other hand, when this time of regeneration is too short the isoprenic biosynthesis is bad, leading to a poor rubber production. Moreover, in the latter case, the lack of an appropriate physiological break could sometimes result in the tapping panel dryness. Thus, our results show that the tapping panel dryness (TPD %) rate is linked to the tapping intensity by quadratic relation (Obouayeba et al., 2009 ). This relation is an indication which shows that among the clones of active metabolism the sensitivity to tapping panel dryness depends on the intensity of tapping applied to the rubber trees regardless to the clone. These results confirm the idea that the tapping panel dryness induction might have at least two origins. One that depends on the tapping systems applied to the trees; in this case the tapping panel dryness is often reversible while reducing the intensity of exploitation. Another one which roots are physiological, however little is known so far on the mechanism governing its apparition. What is more reported, is the tie of tapping panel dryness with all phenomenon of stress regardless the nature and the origin of the later. Our results show that the treatment 2, tapping 2 times per week and stimulated 4 times per year is the best of the 5 tapping systems applied to the 4 clones of rubber tree (Hevea brasiliensis).
CONCLUSION
This survey has shown that the clones IRCA 18, IRCA 111, censuses made in Côte d'Ivoire, belong to the class of active clones having fast metabolic activity, like the clones PB 235 and PB 255. These clones also confirmed their adherence to the group of high rubber producer clones. This survey also showed that the production of a tree for the tapping strongly depends on the intensity of tapping. It has been indicated that the intensity of tapping governed the tapping panel dryness rate among the clones having active metabolism, notably IRCA 18, IRCA 111, PB 235 and PB 255. The tapping system S/2 d3 6d/7 4/y, that is two weekly tapping in half spiral descendant, stimulated 4 times per year, is the best of the 5 tapping systems studied.
